This study estimates the employment effects of industry-specific, collectively bargained minimum wages in Germany for two occupations associated with the construction sector. I propose a truly exogenous control group in contrast to the control group design used in the literature. Further, a difference-in-differences-in-differences estimator is presented as a robustness test for occupation-specific and/or industry-specific, time-varying, unobserved heterogeneity. I do not find a significantly negative employment effect, even though the minimum wage is binding in (East) Germany. Possible explanations include substitution effects, non-compliance and models of monopsonic competition.
INTRODUCTION
Germany is one of the few European countries without statutory minimum wages. For decades this fact had remained broadly unquestioned by officials, academics and the general public, because collective bargaining was developed to such an extent that effective minima existed in the absence of any state regulation. However, since the beginning of the 1990s an erosion of collective wage agreements can be observed. At the same time, the completion of the EU's Single Market as well as its eastward enlargement increased the supply of low wage labour, especially in the construction industry. Based on these developments a debate has emerged on the advantages and problems of the introduction of a country-wide or industry-specific, statutory minimum wage.
In the beginning of the 1990s, a number of empirical studies based on establishment level data conducted in the US reported neutral or positive employment effects (e.g. Card and Krueger, 1994; Katz and Krueger, 1992) . In contrast, Neumark and Wascher (2004) conclude, after providing an extensive survey of studies on the employment effects of minimum wages exploiting the variation to be found in panel data at the state level, that the effect on youth employment is generally negative. More recently, Dube et al. (2010) report neutral employment effects using panel data at the county level. The novelty of these contributions is to control explicitly for time-varying spatial heterogeneity at the county level, either by comparing only contiguous counties (Dube et al., 2010) or by incorporating region-specific trends in order to capture differences in employment trends that are unrelated to the policy change (Addison et al., 2009; Allegretto et al., 2011) . The underlying idea is that counties with a strong minimum wage bite are characterized by lower employment growth independently of the minimum wage. Traditional estimates would thus be biased downwards.
Neutral or positive employment effects of a minimum wage can be explained by the notion that (some) labour markets are characterized by monopsonic competition (Manning, 2003) . In the absence of collective organization, market imperfections give employers some discretion in determining wages. Examples of such imperfections include the fact that it is costly for employees to change jobs, that employers are imperfect substitutes for each other, and that workers only possess imperfect information about alternative employment opportunities (Manning, 2004) . Metcalf (2008) identifies alternative explanations for missing disemployment effects of the minimum wage introduction in the UK, which are partly in line with the assumption of perfect competition on the labour market. Examples include an adjustment of working hours, increases in productivity, effort or education, price increases on product markets, reduction of profits of affected firms, and incomplete compliance. Based on a survey of firms in the US, Hirsch et al. (2011) show that increases in labour costs are absorbed through non-employment channels of adjustment, such as price increases, profit reduction as well as higher performance standards. This indicates that minimum wages may have effects on an industry, even if there are no negative employment effects.
The existing research shows that the employment effect of any minimum wage policy is a question which cannot be answered theoretically. At the same time, the empirical results from one country cannot necessarily be carried over to another due to differences in labour market institutions. Boockmann (2010) performs a meta-analysis of 55 empirical studies on the employment effects of minimum wages and shows that the interaction of the minimum wage policy with labour market institutions is especially important. More specifically, the benefit replacement ratio and the degree of coordination in the collective bargaining system reduce any employment effects, while employment protection enhances such effects.
The minimum wage research in Germany has concentrated on the simulation of the employment effects of a hypothetical, statutory minimum wage, often with a focus on income or fiscal effects (Bauer, et al., 2009; Knabe and Sch€ ob, 2009; M€ uller and Steiner, 2010) . Further, the Ministry of Labor and Social Affairs (BMAS) contracted the evaluation of existing minimum wages in 2011. In general, the analyses did not find robust, negative employment effects, despite positive wage effects in (mostly) East Germany. 1 In addition to the evaluations contracted by the BMAS, K€ onig and M€ oller (2009) and M€ uller (2010) analyse the effects of the minimum wage in the main construction industry. M€ uller (2010) uses cross-sectional data to estimate the counterfactual wage distribution if the minimum wage had never been introduced. A comparison of the two wage distributions yields estimates for the employment effect. These are generally negative in East Germany and insignificant in West Germany, but also very sensitive to assumptions made on spillover effects of the minimum wage throughout the wage distribution.
In contrast, K€ onig and M€ oller (2009) investigate the minimum wage effect on employment in the main construction sector following a difference-indifferences (DiD) approach. While K€ onig and M€ oller (2009) were the first to employ this empirical strategy to Germany, their results may be biased due to the choice of the control group, which consists of workers in the same industrial branch earning slightly more than the minimum prior to its introduction. This approach has been criticized, noticeably by Kluve and Schmidt (2007) , because such a control group may be affected by the minimum wage treatment due to spillover and/or output effects. Therefore, the employment levels of both groups can be expected to react to a change in the minimum wage policy and the causal effect of the minimum wage on employment is not identified.
The study at hand uses the DiD approach in order to estimate the employment effect of a minimum wage introduction in Germany for two occupational groups in the construction industry, namely electricians and painters. In order to prevent the bias caused by a control group subject to the minimum wage, I propose an alternative control group which should not be influenced by the treatment. It consists of workers belonging to other industrial branches, in which no minimum wage exists and collective bargaining is characterized by a low coverage rate. The disadvantage of such an approach is that additional time-varying determinants of employment may exist, which affect the treatment and control group differently.
In order to test the robustness of the results towards biases resulting from dissimilarity of the treatment and control group, a difference-in-differences-indifferences (DDD) estimator is specified, which exploits the fact that minimum wages are set for individual occupations within the construction industry and thereby eliminates all industry-specific or occupation-specific trends or shocks. While the DDD estimator is better able to deal with unobserved, time-varying heterogeneity, it is more likely to be biased due to spillover effects and labour mobility within the occupation but across industries. To the extent that both estimators are consistent with each other, it is possible to conclude that none of the two possible biases distort the results.
The remainder of this article is organized as follows. The institutional background of minimum wages in Germany is discussed in Section 2. Section 3 describes the empirical strategy and introduces the data used for estimation. The basic results are given in Section 4. Finally, Section 5 concludes.
INSTITUTIONAL BACKGROUND
In Germany, statutory, country-wide minimum wages do not exist. Instead, a few selected industries do have collectively bargained minimum wages. Up to date, minimum wages have been introduced for the main construction sector (1997), electricians (1997), roofers (1997), painters (2003) , the commercial H. Frings cleaning industry (2008), laundry services (2009), miners (2009), elderly care (2010), the waste industry (2010) and security services (2011).
The legal framework for any minimum wage introduction in Germany is the Posting of Workers Law (PWL; Arbeitnehmerentsendegesetz). The law is based on the European Union Posted Workers Directive (96/71/EC) and aims at protecting domestic workers from increasing low-wage labour competition due to the completion of the EU's Single Market by demanding that foreign workers (i.e. posted workers) must be subject to the same working regulations and minimum standards as domestic workers. Examples of such minimum standards include working hours, holidays and minimum wages.
In order to establish minimum wages, the PWL allows collectively bargained wage rates to be extended to all workers and firms in an industry, independent of their membership in trade unions or employer associations. However, at least 50% of all employees in the respective industry have to be covered by the initial collective bargaining agreement for the law to be applicable.
Posting of workers is quite common in the construction industry. Therefore, only associated industries such as main construction, electricians, painters or roofers were initially covered by the PWL. Because the coverage rate of collective bargaining has traditionally been rather high in these industries, the minimum wage introduction was mainly motivated by protectionism. However, during the last decade the focus has shifted to industries in which posting of workers appears less common, such as commercial cleaning, laundry services and elderly care. 2 This implies that the PWL is increasingly used to establish industry-specific, collectively bargained minimum wage rates for domestic workers, instead of preventing low-wage competition from abroad. One possible explanation for this increased interest to establish minimum wages is a decline in union density and the coverage rate of collective bargaining which has started in the 1990s.
Union density has been falling from 30% in 1990 to 21% in 2004 in West Germany and from 50% in 1990 to 18% in 2001 in East Germany (Biebeler and Lesch, 2006 . Naturally, the coverage rate of collective agreements is considerably higher, but the pattern observed for density applies equally: coverage has been decreasing from 69% in 1996 to 61% in 2004 in West Germany and from 56% to 41% in East Germany during the same time period (Ellguth and Kohaut, 2005) . Not surprisingly, the coverage rates differ significantly between industrial branches. As Figure 1 shows, the coverage rate of area-wide collective agreements is (and always has been) especially low for the service sector, communication and transportation, wholesale and retailing, as well as for non-profit organizations. In contrast, the public sector, the banking and insurance sector, as well as mining and energy/water provision are characterized by high and stable coverage rates in East and West Germany alike. Finally, while area-wide collective agreements have been decreasing, company-level collective agreements have been increasing in number and importance. However, generally the proportion of workers not covered by any agreement is growing in most industries, implying 2. An alternative explanation for the introduction of minimum wages in these industries is the inclusion of the New Member States in terms of the unrestricted movement of labour in 2011. Along this line of argument, the more recent minimum wages are also motivated by protectionism, as firms feared increasing competition and trade unions worrried about decreasing wage levels. 3. These numbers do not provide any information on the fraction of firms that are not officially covered by a collective agreement, but still adhere to it. Indeed, for example for electricians, the fraction of firms adhering to a collective agreement has actually been increasing between 2002 and 2010 (IAW, 2011a).
Thus, the observation period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) covers one minimum wage introduction and one minimum wage abolition. Eligibility is defined by the occupation and the condition that the employer's main business activities are within the construction industry. 4 In order to estimate the employment effect of the minimum wage, a DiD estimator will be used. Any control group must fulfil the common trend assumption and should not be influenced by the treatment in order for the DiD estimator to be credible. Because minimum wages are collectively bargained at the industry level, a trade-off exists between these two requirements. One possibility is to choose a control group within the same industry or in neighbouring industries. In this case, comparability is high, but the control group is likely to be affected by the minimum wage treatment due to substitution or spillover effects. The other possibility is to choose a control group from a different industry that is not directly connected to the treatment industry along the supply chain. This implies that the control group is clearly not subject to the treatment, but it is doubtful that no time-varying determinants of employment exist that affect the groups differently.
To ensure that neither of the two problems biases the results, two different empirical strategies will be followed. First, the control groups are chosen from different industries and applied within a 'traditional' DiD framework (compare with Section 3.1). This approach appears to be preferable insofar as it is possible to control for time-varying determinants of employment that vary between the included groups. Second, a DDD estimator is used with control groups from neighbouring industries and occupations (compare with Section 3.2). The results obtained with this estimator may be biased due to substitution and/or spillover effects. Additionally, it is not possible to determine whether the effect of the minimum wage introduction will be overestimated or underestimated. However, if the estimated effect obtained with the DDD estimator is consistent with the DiD estimator, the results are robust to the biases present with both empirical strategies.
Difference in differences
The main interest of this study is to analyse the effect of the minimum wage on aggregate employment in the two treatment groups. Stated differently, the central research question is whether the number of full-time employed painters and electricians changes in response to the minimum wage. The transport and communication industry as well as the wholesale and retailing sector are used as control groups. Similarly to the treatment groups, employment is defined as a head count of all full-time employed workers. These two industries were selected, because they are not connected with the treatment groups along the supply chain and they are characterized by a low coverage rate of collective bargaining ( Figure 1 ). The motivation for the latter criterion is that any area-wide collective agreement with a high coverage rate mimics a minimum wage treatment, because minimum wages in Germany amount to extended collective wage 4. Further, apprentices are excluded in the case of electricians. Similarly, unskilled painters aged 18 years or less do not receive a minimum wage.
agreements. Thus, the control group should consist of workers from industrial branches with a low coverage rate of collective bargaining. In addition, the two control groups fulfil the common trends assumption ( Figure 2 ). 5 Note that it is a coincidence that the two treatment groups are matched by exactly two control groups. The idea behind using more than one control group is to reduce biases that might occur due to a violation of the common trend assumption (Meyer, 1995) . If more industries that (a) do not belong to constructions or neighbouring industries and (b) are characterised by a low coverage rate of collective bargaining could have been identified, more than two control groups would have been used. Source: BA employment panel (Schmucker and Seth, 2009 ). Author's calculations. 5. Placebo tests for painters confirm the visual impression that the employment trends of the treatment and control groups are not significantly different from each other during the pretreatment period. In East Germany this is true for all possible and in West Germany for the majority of placebo tests. Placebo tests for electricians are not possible due to the missing pretreatment period. These results are not reported, but can be obtained upon request.
Similarly, the employment of two treatment groups, one experiencing a minimum wage introduction, the other one a minimum wage abolition, aims at estimating the average effect of the minimum wage on employment in Germany. Clearly, the assumption is that a minimum wage introduction and abolition have a similar effect in terms of sign and size. In order to verify this assumption, the estimations are also run separately for each of the treatment groups as a sensitivity check (Table A .1).
In summary, a total of four groups is used in the estimation: Painters and electricians, which both experience a minimum wage treatment during the observation period, and the transport/communication as well as the wholesale/retail industry. The employment effect of the minimum wage introduction is estimated by a fixed effects model with time dummies, which serves the same purpose as a DiD estimator. The industry dummies eliminate any time-constant differences between groups, while the time dummies capture the effects of any exogenous variable that changes over time, but affects all groups equally. In summary, the regression equation can be expressed as:
Aggregate employment at the level of the industry is represented by empl it , while mw it is the minimum wage indicator. This indicator takes the value one for industries and time periods in which a minimum wage exists and zero otherwise. The subscript i denotes the four groups (two treatment groups and two control groups) and the subscript t refers to the time periods.
The controls include industry-specific economic growth (g it ) as well as the proportion of marginal employment (me it ). The former is proxied by growth of revenues (treatment groups) and growth of gross value added (control groups). These different concepts are used due to data limitations. Therefore, this variable is only meant to measure general, possibly deviating, trends and the estimated coefficient should not be interpreted concerning its magnitude.
Marginal employment reduces the social security contributions an employer has to pay as long as the employee does not earn more than 400 Euros per month or a specific number of working hours is not exceeded. Therefore, the proportion of marginal employment among total employment is included in order to control for the possibility that regular employment is substituted for this less expensive type of workers. Insofar as these two control variables follow a different development over time for the included groups, it is indispensable to include them in the regression equation.
All variables enter the regression model as growth rates. There are two main reasons for estimating the equation in growth rates rather than in levels. First, employment expressed as a level follows a non-stationary process over time. This is not surprising, because the employment level is naturally determined by the level in previous periods to a large extent, especially because there are large differences in employment levels between groups. Differencing, or in this case calculating growth rates, is a simple and intuitive manner to solve this problem. As the regression results will show, some autocorrelation in the error term is still left, but serial correlation is decreased to an acceptable level. Second, the employment growth of the treatment groups is characterized by a strong, seasonal pattern ( Figure 2 ). Using growth rates, calculated as the change Industry-Specific, Collectively Bargained Minimum Wages in employment compared to the same quarter in the previous year, eliminates the seasonal pattern completely.
The focus on the employment development of entire industries or occupational groups has two advantages compared to estimation at the individual level. First, this approach takes account of terminated as well as new employment relationships. In contrast, new employment relationships are necessarily ignored when estimating probabilities at the level of the individual worker. Second, the data only contain average monthly wages, while the minimum wage is defined as an hourly wage rate. In addition, information on actual working hours is not available. Consequently, it is necessary to impose strict assumptions on individual working hours in order to identify workers, who are affected by the minimum wage when estimating the probability of continuous employment. By focusing on the employment development of all eligible workers such individual identification is not necessary. At the same time, it is still possible to analyse whether or not the minimum wage has an influence on aggregate employment.
The majority of studies on the employment effect of minimum wages do not differentiate between a minimum wage introduction and a (sizeable) increase in the minimum wage. If the minimum wage is set by any outside agency, such as the government in the US or the Low Pay Commission in the UK, both events are exogenous. The institutional context in Germany is different. Because the social partners bargain over average wages, minimum wages and employment simultaneously, 6 minimum wage increases are endogenous. Lemos (2005) argues that measures of the minimum wage bite, such as the Kaitz Index or the fraction of affected workers, are generally endogenous when estimating employment effects in the presence of collective bargaining. The reason is that these indicators depend on the wage distribution which is set simultaneously with employment. Therefore, this study concentrates on the minimum wage introduction, for which endogeneity is a smaller problem compared to changes in the existing minimum wage.
It should be noted, though, that the observation period does cover several increases in the minimum wage. A dummy that takes the value one for the treatment groups in each period after the minimum wage introduction therefore captures the average effect of the minimum wage introduction and all increases. Still, minimum wage increases cannot be expected to have a significant impact on employment for at least three reasons. First, future increases in the minimum wage are usually agreed upon for a period of two to three years. This implies that employers often know in advance when the minimum wage will be increased by a certain amount. Thus, there is no reason to expect a significant reaction of employment each time the minimum wage is increased (Pinoli, 2010) . Second, increases are generally infrequent and, third, very small in magnitude. 7 For these 6. As Layard et al. (2005) point out, no empirical evidence exists that collective bargaining in Germany indeed follows the efficient bargaining model. However, given the high degree of coordination in the case of bargaining on minimum wages (compare with Section 2), it appears unlikely that the trade union and employers' association ignore consequences for employment completely, even if this outcome is not considered explicitly. 7. Painters have only experienced one increase in the minimum wage of 15 cents per hour during a time period of four years . In contrast, increases are larger in magnitude and more frequent for electricians. However, these increases are agreed upon in advance, for example, three increases during the time period 1999-2002 for electricians were already known in 1999.
reasons the minimum wage dummy is likely to mainly capture the effect of the minimum wage introduction, despite the fact that the minimum wages have also been increased during the observation period. 8
Difference in Differences in Differences
The minimum wage treatment takes place for specific occupations (electricians and painters) in a specific industry (construction). Rattenhuber (2011) proposes that this fact can be exploited by an alternative empirical design that uses two control groups: One consisting of a different occupation in the same industry, and the other one consisting of the same occupations in different (sub-) industries. More specifically, the first control group consists of clerks in the construction industry and the second control group is composed of painters as well as electricians in any industry, besides construction, in the manufacturing sector. Both control groups are employed simultaneously in a DDD framework. The DDD estimator has been predominantly used in contexts, in which regional variation in treatment is present (e.g. Gruber, 1994) . Hamermesh and Trejo (2000) compared Californian men, who receive a treatment concerning overtime-pay, with Californian women as well as men in other states. In the context at hand, variation in treatment does not exist between regions, but between industries. This implies that electricians (painters) are compared with untreated occupations within the construction industry, and with electricians (painters) in untreated industries.
The DDD estimator requires a much weaker identification assumption than the usual DiD estimator: in absence of the minimum wage treatment, the relative difference in the employment growth rates of electricians (painters) and clerks in the construction industry should be the same as the relative difference in the employment growth rates of electricians (painters) and clerks in the manufacturing sector. Stated differently, all industry-specific trends are 'differenced away' as long as all occupations in that industry are affected equally. Similarly, all occupation-specific trends disappear as long as occupations in all industries are affected equally.
Under this identification assumption an unbiased estimate of the employment effect of the minimum wage introductionb can be obtained by:
The subscript one (zero) represents periods after (before) the minimum wage introduction. The superscript shows that the group belongs to the construction industry if the first digit is equal to one. If the second digit is one, the group consists of electricians (painters). The regression equation takes the following form:
8. The specifications have also been estimated for time periods without any increase in the minimum wage. The results do not change compared to estimations covering the entire observation period.
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The dummy occ i takes the value one if the group consists of electricians (painters), while the dummy ind i takes the value one for the construction industry. These fixed effects eliminate time-constant differences between the different industries (manufacturing and construction) as well as the different occupations (electricians/painters and clerks). Time dummies for each quarter are given by d t . The interaction between the industry-specific and occupation-specific fixed effects with the time dummies eliminate any time trends or shocks that affect all occupations within an industry or one occupation across industries equally. Finally, the dummy mw it takes the value one for electricians (painters) in the construction industry in time periods after the minimum wage introduction. The coefficient b 7 therefore gives the effect of the minimum wage introduction on employment growth empl it . The specification is estimated separately for electricians as well as painters.
The DDD estimator ensures that industry-specific and occupation-specific trends do not bias the coefficient of the minimum wage introduction. However, there are reasons to believe that both control groups might be affected by the minimum wage treatment in a similar manner as a control group consisting of higher wage workers within the same industry applied within a DiD framework. While biases might occur due to spillover effects as well as labour mobility, the probability of their existence as well as the expected magnitude of such an effect is considerably smaller compared to employing solely higher wage workers from the same industry as a control group.
First, electricians (painters) in the manufacturing sector could be affected by the minimum wage introduction in the construction industry due to spillover effects in terms of wages within occupations, but across industries. In the presence of spillover effects, wages for electricians (painters) in the manufacturing sector would be increased as a reaction to the minimum wage introduction for electricians (painters) in the construction industry. Table 1 shows that the average wages of electricians (painters) in manufacturing are considerably higher compared to average wages of electricians (painters) in construction. However, wage dispersion also appears to be higher, implying that a considerable proportion of workers in the control group earns less than or exactly the minimum wage at the time of introduction. Thus, spillover effects at the lower end of the wage distribution cannot be precluded.
Additionally, the minimum wage could induce electricians (painters) in manufacturing to switch to construction. Alternatively, workers might move from the construction industry to manufacturing after losing their job due to the minimum wage introduction. While spillover effects and labour mobility from manufacturing to construction would overestimate a positive employment effect (underestimate a negative effect), the opposite is true for labour mobility from construction to manufacturing. Thus, it is not possible to determine if the estimator will be biased and if this is the case, in which direction.
Finally, clerks in the construction industry could be affected by the minimum wage introduction insofar as the minimum wage depresses the output of the entire industry. In this case the reduction in output is industry-specific and will therefore (falsely) not enter the minimum wage coefficient. However, for this problem to occur, the minimum wage introduction in one specific occupation (e.g. electricians) would have to depress the entire construction industry with equal employment effects for all occupations. Given that clerks are characterized by deviating individual characteristics (Table 1) and perform very different tasks compared to electricians (painters), equal employment effects for both occupations are unlikely, even if the minimum wage introduction in one occupation depresses the overall industry output.
Data
The data employed in the empirical analysis is the BA Employment Panel supplied by the Research Data Centre of the German Federal Employment Agency at the Institute for Employment Research (Schmucker and Seth, 2009 ). The data are at the individual level and present a 1.92% sample of all employees subject to social security contributions. They are representative for all workers subject to social security payments, which amounted to almost 32 million individuals in 2002. The data are quarterly and cover the time period 1998-2007. For each individual, several personal characteristics are included, such as gross wage, type of employment, occupation, age, nationality and educational attainment. Further, information at the establishment level is added, for example, the economic sector and the composition of the workforce.
In order to aggregate the data to the level of the industry, each individual employee is assigned to one of the four groups. 9 All persons who do not belong to one of the industries of interest are dropped from the data set. Additionally, only regular, full-time employees are kept. This excludes part-time employees, but also apprentices, interns and marginal employees. The proportion of marginal employment in total employment, which is included as a control variable in the basic specifications, is calculated for each sector before the marginal employees are dropped from the data set. Because marginal employment is only separately identified from June 1999 onwards, the observation period used in this study covers the years 1999-2007. After the data set is scaled down to regular, full-time employment, the variables are aggregated at the sectoral level.
Two important variables are not contained in the original data set and are therefore added from an external source. First, information about minimum wage rates is taken from the Federal Bulletin (Bundesanzeiger), where each collective bargaining agreement declared generally binding must be published. Second, the indicator for economic growth consists of gross value added for the control groups and revenues for the treatment groups. These data are obtained from the Federal Statistical Office (Statistisches Bundesamt). 9. The industry classification scheme contained in the data is rather broad. As a consequence it cannot be precluded that some workers falsely enter the treatment groups that really are under a third minimum wage regime present in the main construction sector. However, any resulting bias should be very small in magnitude because first, their number is likely to be low and second, the main effects on wage and employment growth of the minimum wage in the main construction sector took place prior to the start of the observation period of this analysis (IAB et al., 2011) .
EMPIRICAL RESULTS
A prerequisite for minimum wages to have any effect on employment is that wages at the lower end of the distribution are increased due to the minimum wage introduction. While the focus of this study is not to analyse whether minimum wages are an effective tool to increase the income of low wage workers, it is necessary to gain some insight on their effect on the bottom percentiles of the wage distribution. Figure 3 shows the proportion of workers earning less than the minimum wage and the proportion of workers earning exactly the minimum wage. Insofar as the minimum wage is binding, the proportion of workers earning exactly the minimum wage should increase, while the proportion of workers earning less than the minimum wage should drop to zero.
In West Germany, such a pattern cannot be observed. In comparison with East Germany (Figure 3) , the proportion of workers earning less than the minimum wage prior to its introduction is generally low. Further, this low proportion of workers earning less than or exactly the minimum wage hardly reacts at all to the minimum wage policy. In contrast, the expected reactions occur for the treatment groups in East Germany. For electricians, the proportion of workers earning less than the minimum wage decreases from 20% to 5% and for painters Industry-Specific, Collectively Bargained Minimum Wages from more than 40% to 15%. The proportion of workers earning exactly the minimum wage simultaneously increases for all treatment groups. Apparently, the fraction of workers earning less than the minimum wage does not decrease to zero in any treatment group. This can be attributed to measurement error. First, the minimum wage is specified as an hourly wage rate, while individual wages in the data are provided as gross monthly earnings. When identifying those workers earning less than or exactly the minimum wage, it is assumed that each worker supplies exactly the number of weekly working hours as stipulated in the binding collective agreement. 10 Second, some measurement error may occur when identifying those workers eligible to the minimum wage. In either case, as long as this measurement error is random and the analysis is not conducted at the level of the individual worker, the results should not be distorted.
In conclusion, Figure 3 presents evidence that the minimum wage has been binding in East Germany, but not in West Germany. This is not surprising given that the Kaitz Index, which is defined as the ratio of minimum to average wages, is much lower in West Germany compared to East Germany (Table 1 ). This result is in line with the estimates reported by K€ onig and M€ oller (2009), Rattenhuber (2011) and IAB, RWI and ISG (2011) for the main construction sector. Table 2 shows the results of the DiD estimator for the effect of the minimum wage introduction on employment. After the inclusion of the control variables, the estimated coefficient of the minimum wage dummy is negative in East and West Germany alike. Both coefficients are not statistically significant. This result is less surprising for West Germany, because the minimum wage hardly binds. In contrast, the minimum wage does affect the wages of a significant proportion of workers in East Germany. However, as Kr€ amer (2011) points out, the size of the estimated effect should not be disregarded completely only due to a lack of statistical significance. While the effect in West Germany is also very low in terms of economic significance, the coefficient in East Germany suggests that the minimum wage might have led to a decrease in the growth rate of employment of one percentage point.
The industry-specific, macroeconomic growth exhibits a positive influence on the growth rate of employment. In West Germany, the joint significance of the industry dummies drops with the inclusion of this indicator. This observation may be interpreted as evidence that the time-constant differences in employment growth between the industries during the observation period can be explained by time-persisting differences in industry-specific growth, with the construction industry performing continuously worse than the communication and transport industry or wholesale and retailing.
The coefficient of the growth rate of the proportion of marginal employment is significant and negative in West Germany. However, it should be noted carefully that the coefficient is rather small in magnitude. It amounts to 0.05, implying that an increase of one percentage point in the growth rate of the proportion of marginal employment leads to a decrease of around 0.05 percentage points in the growth rate of full-time regular employment.
10. The collective agreement is binding for all workers and stipulates that mean, monthly working hours should be equal to a specific number over the course of 12 months. Source: BA employment panel (Schmucker and Seth, 2009 ). Author's calculations.
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Two separate interpretations may explain the observed relationship. First, as a less expensive type of employment, marginal employment may generally crowd out a fraction of regular, full-time employment, independent of the minimum wage. Second, the negative coefficient of marginal employment may be interpreted as a substitution of marginal for regular employment in reaction to the minimum wage. In order to analyse the latter issue, an interaction term between the growth rate of marginal employment and the minimum wage dummy is included in the specification. However, as the coefficient of this interaction term remains insignificant, the first explanation appears more likely. 11 The results of the DDD estimator, which are presented in Table 3 , are in line with the DiD estimator. In order to make the results of the two identification strategies more comparable, Table A .1 in the appendix provides separate DiD estimations for each treatment group. The separate estimations based on the DiD estimator reveal that the negative coefficient of the minimum wage dummy in the joint estimations is driven by painters, as the estimated effect for electricians is of low economic and statistical significance. The results obtained with the DiD and the DDD estimator are therefore consistent with each other in the case of electricians.
For painters in East Germany the DiD estimator suggests a neutral employment effect of the minimum wage introduction (Table A .1), while the coefficient of the minimum wage dummy is positive and significant at the 5% level when employing the DDD estimator (Table 3) . One possible explanation is that other time-varying determinants of employment growth in addition to included controls exist, which affect the treatment and control groups differently. In this case the DiD estimator would be biased. The DDD estimator, in contrast, is better able to deal with such time-varying, unobserved heterogeneity as long as these trends are occupation-specific or industry-specific. To this extent it should be noted that the occupation-specific time dummies as well as the industry-specific time dummies are jointly significant at the 1% level in all specifications, which points towards the existence of such trends.
Alternatively, the DDD estimator might be biased due to wage spillover effects or labour mobility between industries (compare with Section 3. 2). If such effects are present, the employment level of painters in manufacturing is decreased as a reaction to the minimum wage introduction for painters in construction. Consequently, the estimated coefficient of the minimum wage dummy may be biased upwards. It is impossible to determine whether the deviating results are caused by a bias in the DiD or the DDD estimator. However, the DiD and DDD estimators are consistent with each other in the remaining three specifications. Additionally, independent of the nature of a possible bias, the explanations discussed for the neutral employment effect apply equally well to a possibly positive effect of the minimum wage introduction.
At least four, not mutually exclusive, explanations exist for the neutral employment effect of the minimum wage introduction in East Germany. First, the aggregate measure of employment at the occupational level might hide substitution effects between different types of workers. Stated differently, the employment effects could be unfavourable for the affected workers, but neutral Source: BA employment panel (Schmucker and Seth, 2009 ). Author's calculations.
Industry-Specific, Collectively Bargained Minimum Wages at the aggregate employment measure at the occupational level. For example, if the minimum wage increases the price of unskilled labour, firms might exchange unskilled workers for skilled ones, who become relatively less expensive. In order to analyse this issue more deeply, all specifications are estimated separately for skilled and unskilled workers, young and older workers, as well as workers employed in small and large firms. The estimated coefficient of the minimum wage dummy remains insignificant and very small in magnitude independent of the subsample used. 12 Thus, it appears unlikely that substitution effects occurred. The absence of such effects can be explained by the very homogenous composition of the workforce in the treatment groups. Only a maximum of 4% of the workers does not have any vocational training in East Germany and the majority of the workforce is employed in small firms (Table 1) .
Second, the neutral employment effect could be caused by monopsonic competition. As Figure 1 shows, the coverage rate of collective bargaining is much lower in East Germany compared to West Germany and has been continuously decreasing during the last decade. This development might have increased the market power of employers, thereby giving individual firms some discretion in setting wages. As a consequence, the equilibrium established without minimum wages might be supply-side constrained, which implies that a minimum wage does not necessarily reduce employment. In this context, it is imaginable that skilled craftsmen, such as electricians or painters, move to the West German labour market due to large wage differentials (Table 1) , thereby causing a shortage of skilled labour supply in East Germany. In this case, the price elasticity of labour supply, instead of labour demand, would be relevant when predicting the employment effects of a minimum wage introduction.
A third explanation is non-compliance with the minimum wage. To the extent that employers simply pay sub-minimum wage rates it is not surprising that the employment effect of the minimum wage is neutral. While no official statistics exist on non-compliance, several enquiries of two smaller parties to the German government and the corresponding answers suggest that controls are infrequent and penalties are hardly prohibitive. 13 Still, as Figure 3 shows, gross monthly wages are increased with the minimum wage introduction in East Germany. Thus, it would have been necessary to increase the number of working hours significantly in order to achieve sub-minimum wage rates despite higher gross monthly wages. Given that all workers in the sample are full-time employed, non-compliance through a higher number of working hours might explain partly, but not entirely, why the minimum wage has a neutral employment effect.
Finally, the minimum wage introduction might not have affected the employment growth of domestic, but that of foreign workers. Recall from Section 2 that the initial aim of the minimum wage introduction in Germany was to ensure that foreign (posted) workers are subject to the same minimum standards as domestic workers. In contrast, the data set only covers domestic workers paying 12. These results are not presented in any table, but can be obtained from the author upon request. 13. For example, in 2010 the left-wing party 'B€ undnis 90/Die Gr€ unen' submitted an enquiry to the German government in order to obtain more information on the results of inspections in the construction sector concerning minimum wages (Deutsche Bundesregierung, 2010) . social security contributions. Thus, the possibility exists that the minimum wage has been employment neutral (or even positive) for domestic workers, while it reduced the employment of foreign workers. The evaluations of the BMAS for electricians (IAW, 2011a) and painters (IAW, 2011b) reach the same conclusions as the study at hand: they report positive effects on wages in East Germany, but do not find any robust employment effects. In contrast, two other empirical studies of the employment effect of minimum wages in Germany report deviating results. First, the already mentioned study by K€ onig and M€ oller (2009) reports positive employment effects in West Germany and negative employment effects in East Germany for the main construction industry. However, the effects in West Germany are of low statistical significance. Compared to the study at hand, these deviating results may be caused by differences in the control group design, different treatment groups or the deviating empirical strategy, which focuses on the estimation of individual probabilities of continuing employment, thereby ignoring new employment relationships that started during the observation period.
Second, Bauer et al. (2009) analyse the effect of different (hypothetical) statutory minimum wage rates on aggregate employment, separately for East and West Germany. While this study consists of a simulation analysis, it may still be classified as semi-empirical because the majority of parameters are derived from micro-data. The resulting employment effects are clearly negative. However, Bauer et al. (2009) make the crucial assumption that a minimum wage introduction will lead to a demand-constrained equilibrium. This assumption is a direct consequence of a perfectly competitive labour market. The equilibrium prior to the minimum wage introduction might just as well have been supply-constrained either due to monopsonic competition or labour mobility
CONCLUSION
This study analyses whether the minimum wage has influenced the employment level in two occupations belonging to the construction industry, painters and electricians. Strong emphasis is placed on the choice of an appropriate control group as well as the choice of a sensible minimum wage indicator. Both considerations are highly important for the identification assumption of the DiD estimator, because minimum wages in Germany are industry-specific and collectively bargained.
Industry-specific minimum wages imply that a fundamental trade-off exists when setting up an appropriate control group design. First, each control group constructed within the same industry is most likely subject to the minimum wage treatment as well. Second, any control group established outside the industry in question is most likely affected by other determinants of employment over time in addition to the minimum wage. I propose to solve this trade-off by using control groups from other industries, while controlling for industry-specific macroeconomic growth as an additional determinant of employment growth. The DDD estimator provides a robustness check to the results obtained with the DiD estimator, because both estimators are subject to different biases. As long as the two estimators yield consistent results, the Industry-Specific, Collectively Bargained Minimum Wages results obtained with the DiD estimator appear robust to biases due to timevarying, unobserved heterogeneity. I find no robust effect of the minimum wage introduction on employment growth in East Germany, despite the fact that the minimum has been affecting a significant proportion of the workforce. Possible explanations include substitution effects between different types of workers, non-compliance and monopsonic competition. First, substitution effects between skilled and unskilled workers generally seem highly likely, but can be rejected in the case at hand due to the very homogenous nature of the treatment groups. In contrast, substitution of foreign workers for domestic ones cannot be precluded and is a sensible explanation, because the treatment groups belong to the construction industry where posting of workers is common. To the extent that a reduced number of posted workers is the main explanation for the neutral employment effect for domestic workers, the minimum wage achieved its initial aim of protecting domestic workers from low-wage competition from other EU countries. To answer the question whether or not a minimum wage should serve such a purpose is open for debate.
Second, non-compliance with the minimum wage is a further possible explanation for the neutral employment effect. To the extent that workers are required to supply more hours, the true hourly wage rate might be below the minimum wage despite increasing monthly gross wages. Even though infrequent controls make this a viable option, the analysis of the fraction of workers affected by the minimum wage shows that a considerable proportion of workers have experienced an increase in wages with the minimum wage introduction. Stated differently, even if not all firms comply with the minimum wage, the majority appears to do so. Therefore, non-compliance cannot explain the overall neutral employment effect by itself.
Last but not least, monopsonic competition may serve as an explanation for the obtained results. In this case, the decrease of the coverage rate of collective bargaining during the last decade has provided individual employers with some discretion in setting wages. Then, the minimum wage simply counteracts the monopsonic power of firms, thereby taking on the same function as collective bargaining did previously. Other non-employment channels of adjustment, such as reduction in profits or an increase in product prices, are also imaginable if imperfect competition prevails on the labour or on the product market. To determine whether such explanations are plausible for the case at hand is beyond the scope of this study. To this end, additional research on whether labour market segments with a low coverage rate of collective bargaining in Germany are rather characterized by perfect or monopsonic competition promises to be interesting and fruitful.
Generally, it is dangerous to infer from the presented results that minimum wages will have no disemployment effects in Germany. Electricians and painters both belong to the construction industry, which is special for at least three reasons. First, to the extent that substitution of foreign for domestic workers is the main explanation for the neutral employment effect, a minimum wage introduction in other industries might well lead to negative employment effects. Second, the German minimum wage institution implies that a self-selection into the minimum wage treatment exists, because both social partners have to agree on the policy change. Third, the treatment groups consist predominantly of skilled, full-time employed men. Future research on the employment effects of minimum wages in Germany should therefore focus on industries not belonging to the construction sector, where minimum wages were introduced more recently. Examples include the commercial cleaning industry (minimum wage introduction in 2008), laundry services (minimum wage introduction in 2009), or elderly care (minimum wage introduction in 2010). 14 In contrast to the construction sector, protectionist motives appear to be less relevant for the minimum wage introduction in these industries. Instead, the expansion of low-wage labour markets is more important. If these minimum wage introductions also show to be employment-neutral, other explanations than substitution of domestic for foreign workers should be considered. One obvious choice is monopsonic competition in the labour market. (Schmucker and Seth, 2009 ). Author's calculations. *p < 0.10, **p < 0.05, ***p < 0.01.
